A madel for the subjective lateral position of 500-Hz tones is presented and compared with experimental lateralization data. Previous papers in this series have explicitly described the auditory-nerve response to these stimuli and proposed a binaural displayer that interaurally compares the auditory-nerve firing times. The outputs of the displayer are postulated to represent the only information about detailed firing times that is available to the brain. In the present paper, lateral-position predictions are obtained by a central nonoptimal weighting of these outputs that depends on the interaural intensity differcnc½ of the tone. These predictions describe the results of !ateralization-matching experiments more accurately and over a wider range of stimulus conditions than previous theories, except for those results which suggest that lowfrequency binaural tones can generate multiple perceptual images. The predictions of our model are also consistent with the results of centering and laterality-eomparison experiments. It is argued that the data discussed in this paper are generally incompatible with theories that propose a peripheral interaction of interaural timing and intensity information such as the latency hypothesis.
INTRODUCTION
This is the fourth of a series of papers concerned with the development of a theory of binaural perception that is able to describe a wide variety of observed phenomena under a unified theoretical framework, and that is consistent with present knowledge of peripheral auditory physiology. In this paper we extend the previous work to describe the subjective lateral position of 500-Hz tones and we compare our predictions to the results of subjective lateralization-matching experiments. The work reported here is part of a project (Stern, 1976) that includes the application of this model to interaural discrimination and binaural detection experiments under the assumption that judgments in these experiments are based on subjective lateral position. We plan to discuss these aspects of the work in future publications.
In the previous papers of this series (Colburn, 1973 Colburn and Latimer, 1978 ) a model of binaural interaction is presented that describes essentially all binaural detection data. The model includes an explicit description of auditory-nerve activity and a display of interaural timing information. Discrimination and detection predictions were obtained in the previous papers by assuming an optimal linear combination of the displayer outputs. In Colburn and Latimer (1978) it is shown that the information available to the decisionmaking component of this model must be further re- 
A. Description of the model
Our specific assumptions for [he description of auditory-nerve activity are given quantitatively in Colburn (1973) . These assumptions are selected to describe the results of physiological studies by Kiang and his associates (Kiang et al., 1965; Kiang, 1968 ) rather than any specific psychoacoustical phenomena, and are an extension of the theoretical work of Siebert (1968 Siebert ( , 1970 . The firing times of the auditory-nerve fibers are described as saxnple functions of statistically independent nonhomogeneous Poisson processes (defined in Parzen, 1962) , with instantaneous expected rates of firing that depend on the acoustical stimulus.
Expressions for these rates, which are given in Appendix A, describe the frequencyselectivity of the cochlea, the synchrony of the firing patterns to the detailed time structure of a low-frequency stimulus, and the saturation of the time-averaged firing rate to intense stimuli.
The timing displayer has been described in detail by and is similar to a model proposed by Jeffress (1948) We find the agreement between daLa and predictions satisfactory.
In particular, we note that the following properties are common to both sets of curves.
(1) The position curves may be approximated by parallel straight lines in the region where both interaural time and interaural intensity differences are small. The position-variable model also predicts the major results of centering studies by Elpern and Naunton (1964) and Young (1976) 
A. Timing function
The detailed assumptions used to describe auditorynerve activity are given in Colburn (10T.a). These assumptions are intended to deserthe the informational conent of a typical fiber, rather than the detailed behavior of a particular unit. It is also worth noting that the specific constants in the auditory-nerve descriptions are selected to describe physiological data, and should therefore not be considered free parameters when applied to the psychoacoustical results discussed in the present paper.
We ashume that a particular fiber is synchronized to a low-frequency stimulus tone if the tone is sufficiently intense and the separation between the characteristic frequency of the fiber and the frequency of the tone is sufficiently small, as specified in Colburn (1973) 
and ff neither fiber of the pair is synchronized to the stimulus,
ELL,,] = T s T•(50) (50)---oe0. (A3c)
The fraction of fibers that are synchronized to a given 500-Hz binaural tone depends on the intensities of the signals to the two ears. Our values for these fractions are computed using the assumptions for auditory-nerve fiber thresholds and frequency characteristics stated in Colburn (1973 , and assuming that the more in- løIn discussing their discrimination results Yost et al. (1975) imply that, as the interaural time delay of a 500-Hz tone is increased from 0 to 1000 #s, the image 5f that tone will move steadily from the center of the head to one side. Unfortunately, this assertion is not tested by their own discrimination experiments because the time delays selected were all smaller in magnitude than that of the cue-reversal point for 0-dB tenes. We feel that if this experiment were performed under carefully monitored conditions using time delays betwee• 600 and 1000 •s the intensity difference giving rise to chance lateralization judgments would decrease with increasing time delay, consistent with the perceptural reversais in time and experiments described by Dornnitz (1973) and Domnitz and Colburn (1977) , and the trial-by-trial data from Dorrmitz and Colburn's lateralization-matehing experiments.
llVoclcker (1961), using a different set of a pt/or( considerations and a decision-theory approach, constructed a model that generates lateralization esUmates that are also the sum of a term based on interaural intensity difference and a term representing the weighted crosscorrelation of the stimulus, which is the form of the lateralization predictions of the Sayers and Cherry model. Therefore, the predicUons of this model differ from the data of Sayers (1964) and Doranitz and Colburn (1977) in the same ways.
•2It was assumed in Colburn (1973) on the basis of reports in Kiang (1968) that the thresholds of each fiber are spaced uniformly over a range of 20 dB with the graph of minimum threshoIds as a function of frequency similar to a thresholdof-hearing curve. The average rating of firing and the synchrony of the firings were described as continuous functions of intensity and showed increases over a range of about 20 dB.
In ) and the present paper, we have iSThe parameter T• is equal to the expression f_•f(x)dx in .
